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ABSTRACT 


Climatological wind and density data, by seasons, are presented 
for twenty-five USSR stations. Tabulations of means, standard 
deviations, and correlation coefficients, based on about ten years 
of statistical data over the period of 1950 to 1962, are given, by 
pressure levels (from surface to 100 millibars) for wind and by 
geometric heights (from surface to 16221 meters) for density. For 
purposes of description, graphical presentations of typical data 
are given for selected cases. These data were obtained from 
compilations and computations by the National Weather Records 
Center, Asheville. 
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FOREWORD 


Mean seasonal wind and density data, applicable to twenty-five 
USSR stations, are presented for information. These data are 
believed to be of general interest to many activities. Although 
similar data for at least several of the stations are known to have 
been included in reports of broader studies, these earlier 
publications are classified and have had‘ lLimited:distribution. 


Credit is due to the National Weather Records Center, Asheville, 
for supplying the statistical data. The helpful guidance in the 
preparation of this report of David R. Brown, Jr., Head of the 
Geoballistics Division, Computation and Analysis Laboratory, and 
Mrs. Doreen H. Daniels is acknowledged. Credit is also due 
J. E. Clift, Computer Engineering Division, Computation and Analysis 
Laboratory, for his assistance in planning the table formats. 


eo APPROVED FOR RELEASE: 


e 
/3/ R. H. LYDDANE . 
Technical Director 
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DESCRIPTION OF DATA 
1. Definitions of Data Coverage 


Climatological wind and density data are presented in this 
report for twenty-five USSR stations (Figure 1 and Table 1). The 
data are based on measurcwents by means of operational radiosonde 
equipment taken for a period of approximately ten years. The 
twenty-five stations are located between north latitudes of about 
40 and 69 degrees and between east longitudes of about 24 and 60 
degrees. The wind observations were taken between January, 1950 
and December, 1959; the density observations were taken between 
January, 1950 and January, 1962. Appendix A provides tables of 
mean seasonal wind components, standard deviations, and coeffi- © 
cients of correlation between levels, with respect to pressure | 
level. Appendix B provides tables of mean seasonal densities, 
standard deviations, and coefficients of correlation between 
levels, with respect to geometric hight. — , 


For each combination of station and season, Appendix A 
provides a table of the following data for the wind at the surface 
and for pressure levels of 850, 700, 500, 300, 200, and 100 
millibars; a 

a. The mean 1 wind components, north-south and east-west 
(knots). . 


b. The standard d-stacions of cha mean wind components = 
(knots). o- a eo 3) ns 


ce. The coefficients of correlation between levels. 


d. Number of observations (column heading designation © 


OBSN) included in the data at each level for compu- par ee 


tation of the mean companente and standard devi atlonse: >, 
In each table, the data eoneatned in the columns headed by MEW. are: .- 
the mean east-west wind components (a negative component indicates 
a wind component from the west); the standard deviations of the 
east-west components are given in the columns headed by SEW. 
Correspondingly, the mean north-south wind components are given 
in the rows headed by MNS (a negative component indicates a wind 
component from the south); the standard deviations of the mean 
north-south components are given in the rows headed by SNS. The 
coefficients of correlation are presented by array, the rows and 
columns of which are arranged in accordance with the pressure 

( levels. The coefficients of correlation for the east-west wind 


% . 
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GEOGRAPHICAL LOCATION OF TWENTY-FIVE STATIONS 


STATION NUMBERS ARE 
( (OENTIFIEO IN TABLE | 


FIGURE | 


a 
3 
a) . ce Ze LZ 
é 9/1 -0S/¥ 6S/Z1-9S/Z 9 Vit 4 es es 8 06892 48UTW 
z 
3] (al 90 Wi 
© 9/T -0S/T 6S/Z1T-0S/T 9 € 8s 9S ZL ZEH97 esty 
ad er 8T oO€ 
E 9/1 -OS/T 6S/Z1-0S/T 9 V7] 8s 6S 9 €£909Z uMOoL perz8uzueT 
ZI 8% 92 
| 9/1 -0S/T 6S/Z1-0S/T 9 oY : SZ 6S S 8e097 UTFTISL 
| 
} €Z ev 0€ 
| : 9/1 -OS/T zZ9/T -O0S/T 9 ST €y 19 17] TAT aA BTOANRIOS 
| €z 0€ 0” 
9/T -0S/T z9/T -0S/T 9 €1 se 79 € 0SS7Z ysTesueyqyry 
{ 
€1 LY ve 
9/1 -0S/OT 29/T -0S/0T 9 OT 6S 99 rd ZAI AA 310g wey 
€T €0 €€ 
9/1 -0S/T Z9/T -0S/T 9 947 8s 89 T E1122 YsuBUANy 
81920K UIW 32d 
PUuTM #297 BY Tare] (a) epnz7su0T Toquxs +0WM oweN 
p1z0s0y JO potied 4004], Bag UBAN (N) epnzziael J ean3ty uot 3839S 
Bung TeuCT eAIeSqO SsAoqy u0T3e3S uot 38907 
JO Opnjztzaly oF yderz0a5 


AUVAWNS CYOOTA TVNOILVAWASAO ANV NOTIVNOISAG NOILIVLIS 


T FIavL 


jpettate : - i eee 


1859 


NWL REPORT NO. 


9/T 


9/1 


9/1 


-0S/T 


“0S/T 


~€¢/7 


przos9y FO potijasd 
ePUMENS TeUuoTIeAAVSGO 


6S/21-0S/T 


6S/Z1-CS/T: 


6S/Z1-95/Z 


6S/Z1-0S/T 


6S/Z1-0S/T 


6S/Z1-0S/T 


6S/21~SS/L 


6S/Z1-€S/Z 


66/Z1-0S/T 


PUTM 


xROTEY 
x9 dAL 


be. 


(penutzu0y) 1 AIGVL 


: 69. .6Y ae 
; at 20° OE: 
6ZT wiA OS: OT - 
OT OS 
oY val €s ST 
00 9S 
Z61 Sv 9S YT 
BE 09 
LEZ 87 9S 1 
1745 LE 
9ST 7] cS el 
TI 67 
721 LY SS TI 
67 €? 
z8 eT 9S OT 
Le 67 
ZLT 6€ 8S 6 
si3qeN uIn 309d 
JeaeyT Ca) epnqtTsucy qToquks 
eas ueaW (CN) epnatjed JT ean3sta 
aaoqy uot ze IS UOT IeD0T 
JO epnatjztTVv otydeiazoas) 


~ e6eee ? 


AOAT 
cheee: Aaky 
00682 AsYSTqIny 
ZZLET e7n 
NYH8Z YSAOTPAaAS 
CI9LT MoosoW 
S6SLZ uezey 
€SGLZ outs113§ 
961LZ AoATY 
"x OWM owen 

uoT#B3S 


"(¢ pue 4 sesed) UOTITUTJEp ACF 9xXeq DeSyy 


uoT}ezTUeZI0 TedTZoTOIOa7IaWepyTIoM ey. Aq uoTZeUsIsep Aaqunnx 


tee La 00 «6% 

C/T -TS/Ol 6S/2T-SS/L> eB ort ie 00 17 cz o9gle . nyeg 
es eee . 8% ky . 

7/1 ~OS/T 6S/ZE-OS/T 89. £06... - 80 Ov {4 68LLE . ueAdIAR 
so Ce ) LS bY se. 

2/1 -OS/T 6S) ETHOS PT 955 * 067. 1¥ Ty €¢ 6HSLe | TSTITGL 

Se oe cee Oy” 6p OE bai 
w/t -OS/T = 6S/ZT-0S/T 9, LL cI. LY Ze TELve.. NuUog EN AojsoY 
fn eee, i ee. 124 
29/1 -OS/T 6S/Z1-0S/2. °° 7%.) svt 1 8Y7 1Z O9S7E = = = PAOUdO TOA 
PET: ee ee LI 9€ | 

e9/T ~ES/%@ = 6S/z@T-ES/Z zst. 9¢ 6% 0 OOEvE Aoyreyy 
re Bebteee.< yo ce ee -_ 

79/1 -0OS/z 6S/Z1-0S/Z | ee 9ST 7 1S 61 ZLIVE = «ss = AORBARS 

le . rn | 
Z9/T -OS/T 6S/Z1-ES/€ 9 vee 62 94 81 LESEE _ -Bssepo 
S1933H uIH aq 
Tsuoq PUIM MMO EY Teaey Ci) apnzTsu0tT Toquks xOWM auwreN 
Pxooey JO potied xxodAy eos ueoy (N). epnatzeyl [ eanety peo uCTIeIS 
euUNg [TeuOTIeAAVSqO  .. ~—- BAOGY uoT3e3S UoOTeDSOT 
"FO @pNIATITV oFydersoe5 


(panut34c9) IT ATave 


TT ya nama ei ark Rt an BU IO natal RN NNER a ek In ve ee teen sola 


NWL_REPORT NO. 1859 


data are tabulated below the main diagonal of the array whereas 
the coefficients of correlation for the north-south data are 
tabulated above the main diagonal of the array. 


For each combination of station and season, Appendix B 
provides a table of the following data for the density at the 
surface and at geometric heights of 1458, 3014, 5579, 7193, 9177, 
11806, 13638, and 16221 meters; 


a. The mean air density (kilograms mass per cubic meter). 


b. The standard deviation of the mean air density 
(kilograms mass per cubic meter), 


c. The coefficients of correlation between levels. 


d. Number of observations (column heading designation 
OBSN) included in the data at each altitude for 
computation of the mzans and standard deviations, 


e. The number designation for identification of each level. 


In each table, the data contained in the rows headed by M are the 
mean air densities; the standard deviations, multiplied by 10, are 
contained in the rows headed by Sxl0. The coefficients of 
correlation are presented by array, the rows and columns of which 
are arranged in accordance with the geometric heights. 


The data of Appendices A and B are identified by a code number 
indicating the station number as used in Figure 1, the season, 
and the type of data, either wind or density. Within each 
appendix, the first major grouping is by station number ( 1 
through 25) and the second major grouping is by season (winter, 
spring, summer, and fall, in that order, with symbols W, Sp, Su, 
and F, respectively). For example, in Appendix A the first table 
is identified by the code W-l W, where the first W designates 
wind (common to all tables in Appendix A), the 1 represents the 
station number (in accordance with Figure 1), and the second W 
indicates that the data apply to the winter season. The second 
table of Appendix A is therefore coded W-1Sp, the third table 


‘WelSu, and the fourth table W-l1F. 


2. Equations for Computation of Wind and Density Means, Standard 
Deviations, and Coefficients of Correlation 


The following equations are among those employed by the 
National Weather Records Center in the computation of the data 
given in Appendices A and B: 


cae vetcnee SL En tare 


ee a) 
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Nx xt - (5 X;)? 
i i 
N(N-1) 


Standard Deviation = 


(N = Xy X4) (% Xy E X5) 
Coefficient of , ij i 


een.) etek eee eee 
Correlation 2 2 
(between ith and,/ NE - & Xi) [s r xj - G X5) 


jth levels) 
where, 


X; = individual observation of data (wind or density) at 
the ith level 


N = the number of observations (i.e., the number of 
soundings) 


The value of N used in the computations of the means and standard 
deviations is in most instances greater than that employed for the 
computation of the correlation coefficients, since the Latter 
require that data be available for both levels of each combination 
(ij) within a given sounding. 


The density data were computed from observations of temperature, 
pressure, and relative humidity as follows: 


hes 0.3486 (P - 0.377 E, RH) 
TK 
where, 
pe = air density in kilograms mass per cubic meter 
P # air pressure in millibars 


Eg = saturation vapor pressure, at temperature Ty, 
in millibars 


RH = relative humidity (e.g., for RH of 50 percent, 
use 0.50 in the equation) 


Tg = air temperature in degrees Kelvin 
3 


8 es E-Photo Nt REN i ENO om ti tes eo esate wo eect ne net Hn intent ag Ke peetonat eee naMane e eens, rt 
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It should be noted that the density data were procured at fixed 
pressure levels, however, the data were processed for presentation 
versus geometric height; that is to say the density data were not 
simply tabulated versus the geometric height associated with the 
standard atmosphere at the particular pressure level. In general, 
this conversion is obtained by use of the following integral, in 
the absence of direct measurements of the altitudes at which the 
observations are made: 


ri 
: 
i 


hetg- BY T®) ap 
° 
where, 
h = geometric altitude (ho is the surface altitude) 
R = universal gas constant 
g = acceleration due to gravity 
T (P) = air temperature as a function of pressure level — 
P = air pressure (Po is the surface pressure) — 


3. Locations of Stations and Observational Record Summary 

The latitudes and longitudes of the twenty-five USSR stations, yo 
for which data are given in this report, are listed in Table 1. and = 
shown geographically in Figure 1. The stations are listed in © 
Table 1 by name and WMO number (World Meteorological Organization; 
the number designations are given in Reference 1) together with 
the geographical co-ordinates, altitudes of the stations above 
mean sea level, and periods of record for both the wind and 
density data. "also given in Table 1 are numbers indicating the: 
type of observation and the observation rate code, applicable to . 
both the wind and density data (specific details of the type and . ..; 
rate data are des¢ribed in Reference 1). These are described, in ‘ 
general, as follows: ate 


a. Type of Observation 


2 = 2 raobs per day (wind not tracked by sISserOnte 
equipment) 


6 = 2 rawins per day (wind tracked by electronic 
equipment) 


NWL REPORT NO.- 1859 
b. Rate Code 


The first digit describes the percentage frequency that 
data were received for the station: 


1 = data received 90 percent of period and/or 90 
percent of the possible observations of the 
month. 


2 = data received 50-89 percent. of © period and/or 
50-89 percent of poset bre Shecrvet tons. 


? . The Seal digit describes the’ percentage Ereiuency that i 
_observations reached selected. mandatory: levels: 


2 =  Sauat .to or greater. than 50 percent ‘of 
observations received reach the 100 mb level 


nage | 3 = equal to or greater than 50 percent of 
: observations received reach the. 300 mb level 


4. Accuracy of Data 


The climatological data given in this report are subject to 
errors of various kinds (for example, observational and processing 
errors). As far as is known, there is presently no pertinent 
information as to the accuracy of the instruments and procedures 
employed in making the observations and, hence, specific statements 
concerning the reliability of the data cannot be made, Several 
reports have been published, however, giving accuracies of radio- 
sondes used in the United States, References 2, 3, 4, and 5. For 
example, the standard deviations of observational errors for the’ 
AN/AMT-4 radiosonde, as quoted in Reference 2, are as follows: 


ff Pressure Temperature Relative Humidity 
ae #1 mb at 1000 mb #1°C | -£5%, 
ae 43. mb at 500 mb +1°C 5% 
i £1.5 mb at 100 mb ae <r 
GS SO Sa ‘ ‘The above errors in  Padlosonde measurements vould ‘Produce, air 


density errors of the following mace neues: 
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Air Density Error 


ce (Pelative a 1959) 
1000 0.4 
500 0.8 
100 1.6 


The climatological seasonal mean densities were compared for 
consistency with the monthly mean data given in Reference 6. It 
was found that the monthly data, in terms of percent deviation from 
the ARDC 1959 standard atmosphere, enveloped the seasonal data, as 
given in Appendix B. 


The errors in the wind data are even more difficult to assess. 
Reference 5 indicates that the observational errors in radiosonde 
measurements would be less than 10 knots in wind magnitude. The 
decreasing number of observations with altitude constitutes the most 
serious handicap in the wind climatological data. A bias is intro- 
duced at the higher levels (a bias toward lower values) in that the 
strong winds at the lower levels blow the balloon out of range 
before it reaches the upper levels. The magnitude of the mean winds 
given in Appendix A were compared with the monthly mean wind data 
given in Reference 7. Here again, the date were in reasonable 
agreement. 


Except for the possible bias in the upper wind data, it is 


assumed that all the other errors in both the wind and density data 


would be random, and would not produce significant biases in the 
data as given. 
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DISCUSSION 
1. Wind Profiles 


The variation with pressure level of the seasonal mean wind 
components and standard deviations is shown in Figures 2, 3, and 
4 for several typical stations, the latitudes and longitudes of 
which are representative of the area covered by the data of this 
report. Typical seasonal variations of the mean east-west compo- 
nents of the wind profiles are shown in Figure 2. In general, for 
all of the data recorded, the mean east-west components exceed the 
mean north-south components by a factor of about 2 or 3; in order 
to demonstrate this relation, Figure 3 shows a comparison of 
typical mean east-west and mean northesouth components. 
Representative values of the standard deviations of the mean 
components, together with the corresponding means, are shown in 
Figure 4. The data show that there is little difference in the 
shapes of the profiles for the four seasons; typically, the 
highest mean winds occur during the winter season and the lowest 
mean winds occur during the spring season.: The mean wind profiles 
exhibit an increase in the wind speed with altitude throughout most 
of the troposphere with peak mean winds generally occuring at an 
altitude of approximately 11 kilometers (in the region of the 300 
and 200 millibar levels). Little seasonal variation is exhibited 
in the mean surface winds; however, the seasonal variations of the 
mean winds increase with altitude. Over the span of the locations 
of the twenty-five stations, only slight variation of the mean 
wind profiles with latitude is demonstrated; for example, at about 
the 300 millibar level, the mean winds for the lowest latitudes 
considered are only about 5 knots greater than the mean winds for 
the highest latitudes considered. For all of the wind data 
contained in this report, the standard deviation of the mean wind 
(of the same order of magnitude for both the mean east-west and 
mean north-south components) increases with altitude over most of 
th. troposphere; at the surface, typical standard deviations are 
from about 5 to 10 knots whereas at the 300 millibar level the 
standard deviations are usually about 25 knots. The increases in 
mean wind speed and variability with altitude, as shown by the 
data of this report, are in agreement with the results reported in 
Reference 8. 


2. Density Profiles 
The variation with geometric altitude of the seasonal mean air 


densities, expressed as the percent departure from the ARDC 1959 
model atmosphere, and the standard deviations are shown in Figures 
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‘NWL REPORT NO. 1859 


5, 6, and 7 for several typical stations, the latitudes and 
longitudes of which are representative of the area covered by the 
data of this report. Typical seasonal variations of the mean air 
density are shown in Figure 5. For each of the seasons, Figure 6 
shows the variation of mean air density with latitude. Repre- 
sentative values of the percentage variability of the density are 
shown in Figure 7 (percent variability is defined, for any given 
altitude, as the standard deviation of the air density expressed 

as a percentage of the mean air density). The data of Figures 5 
and 6 clearly demonstrate the isopycnic level occuring at altitudes 
of between 7 and 9 kilometers; at the isopycnic level, the 
departures of the mean densities from that of. the standard atmosphere 
are usually less than 1 or 2 percent. The departures with respect 
to the standard atmosphere above the isopycnic level are negatively 
correlated with the departures below the isopycnic level; typically, 
the density profiles with the largest departures near the surface 
attain the largest departures above the isopycnic level (with the 
sign of the departure opposite to that of the surface departure). 
Above the isopycnic level, the data show (Figures 5 and 6) that the 
maximum deviations from the standard atmosphere (negative for the 
latitudes considered) occur at an altitude of approximately 13 
kilometers. For the twenty-five stations, the largest departures 
from the standard atmosphere, at both the surface and at an 
altitude of about 13 kilometers, are exhibited during the winter 
season, whereas typically the least departures are obtained during 
the summer season. The data of Figure 6 show that the departures 
are strongly dependent on latitude, particularly above the isopycnic 
level. Perhaps of some interest is the fact that the mean densities 
below an altitude of about 3 kilometers usually tend towards a 
positive departure, independent of the sign of the departure above 
the isopycnic level. The percent variabilities of the mean seasonal 
densities are shown in Figure 7 for several typical stations. For 
the altitudes of the data considered, the maximum variabilities are 
exhibited at an altitude of about 12 kilometers; the variability at 
the surface, however, is only slightly less than at an altitude of 
12 kilometers. The least variabilities are exhibited in the region 
of the isopycnic level. The dependences on season and latitude of 
the mean densities and variabilities as shown by the data of this 
report are in general agreement with the results reported in 
Reference 3. 
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NWL_REPORT NO, 1859 
PLANNED REPORTS OF CLIMATOLOGICAL DATA FOR ADDITIONAL STATIONS 


Climatological data for additional Eurasian stations are 
expected to be published during the latter part of 1963. These 
data, applicable to 40 stations for wind and 37 stations for 
density, are based on about two to ten years of observation during 
the period of 1950 to 1962. The stations are located in the 
geographical area from approximately 22 degrees north to 80 degrees 
north and from approximately 35 degrees east to 180 degrees east. 


1. 
2. 


7. 
8, 
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REFERENCES 
USAF and NWRC Reference Manual 524 of 19 July 1961 


AOMC Report No. RR-TR-61-50, Reliability and Representativeness 
of Air Density Data, of 16 October 1961 


AFCRC-IN-58-627, Behavior of Atmospheric Density Profiles, of 
December, 1958 


NWRC Memo, A Preliminary Evaluation of the Reliability of Upper 
Air Density Data for the Eurasian Continent, by Harold L. Crutcher 


of March, 1963 (Unpublished) 
Handbook of Geophysics, United States Air Force, 1960 


NASA TN D-1641, Cross Sections of Temperature, Pressure, and 


AOMC Climatological Ringbook, 1959-1961 


AFCRC-TN-57-478, Maximum Variability Level of Winds, of 31 May 1957 
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